Introduction {#s1}
============

Bipolar disorder (BD), also known as bipolar affective disorder or manic-depressive disorder. Individuals with BD experience episodes of an elevated or agitated mood known as mania/hypomania alternating with episodes of depression. Bipolar disorders have two main subtypes, bipolar I disorder (BD-I), bipolar II disorder (BD-II).The diagnosis of BD-I need one or more manic episodes. A depressive episode is not required for BD-I diagnosis, but it frequently occurs. The diagnosis of BD-II need one or more hypomanic episodes (without manic episode) and one or more major depressive episode. Bipolar disorder not otherwise specified (BD-NOS) is a catchall category, diagnosed when the disorder does not fall within a specific subtype. Hypomanic episode do not go to the full extremes of mania (*i.e.*, do not usually cause severe social or occupational impairment, and are without psychosis), and this can make BD-II more difficult to diagnose, since the hypomanic episodes may simply appear as a period of high productivity and creativity.

BD is a common disorder. Lifetime prevalence estimates are 1.0% for BD-I, 1.1% for BD-II, and 2.4% for subthreshold BD in the general adult population (aged ≥18 years) in the United States [@pone.0091895-Merikangas1]. In a large community cohort in Europe, the prevalence of bipolar disorder (BD-I and BD-II) based on the DSM-IV criteria was 5.5% [@pone.0091895-Angst1]. Bipolar disorders cause role impairment and high mortality and economic burden [@pone.0091895-Kemp1]. In practice, many patients with BD experience a delay in initiating treatment or are given the wrong treatment because of the under-recognition and frequent misdiagnosis of this disorder [@pone.0091895-Hantouche1]--[@pone.0091895-Hirschfeld1]. Of the self-rating mania/hypomania questionnaires developed to screen for BD [@pone.0091895-Hirschfeld2], [@pone.0091895-Angst2], the Mood Disorder Questionnaire (MDQ) is one that has been used effectively in many countries [@pone.0091895-Hirschfeld2], [@pone.0091895-Kim1]--[@pone.0091895-Isometsa1].

The MDQ consists of three parts. In part one, the MDQ screens for a lifetime history of manic/hypomanic symptoms using 13 yes/no items. The second part asks whether two or more manic/hypomanic symptoms have been experienced during the same period. Part three assesses the level of functional impairment due to the symptoms on a 4-point scale ("no" to "severe") [@pone.0091895-Hirschfeld2], [@pone.0091895-Hirschfeld3]. There are disagreements with respect to the scoring of the MDQ. Hirschfeld et al (2000) recommended that the positive response to MDQ required the presence of at least seven symptoms that co-occur and caused moderate to severe impairment due to the manic/hypomanic symptoms [@pone.0091895-Hirschfeld2]. Some studies [@pone.0091895-Kim1], [@pone.0091895-Weber1] have found that the MDQ may be insensitive in the detection of BD due to the items in part three. Some studies have proposed modifying the MDQ scoring by ignoring part three and lowering the threshold screening for BD. The patients\' assessments of functional impairment in the part three were influenced mostly by their insight, an area that is typically impaired in the patients with BD [@pone.0091895-DellOsso1]--[@pone.0091895-Zimmerman1]. Secondly, because impairment in functioning is not necessary to diagnose hypomania, requiring impairment on the MDQ to determine BD will reduce its sensitivity for detecting BD-II [@pone.0091895-Wu1]. In an earlier and smaller-sample Chinese study, in which the threshold number of symptom items co-occurring in the same time period and causing moderate or severe impairment was not rated, patients with a total score equal to or higher than 7 were identified as potentially suffering from BD [@pone.0091895-Yang1]. It was not clear if all three parts of the MDQ could be used in clinical settings in China.

In most studies concerning the MDQ, including the earlier study in China, testing of subjects with mood disorders was not restricted to the depressive phase [@pone.0091895-Hirschfeld2], [@pone.0091895-Kim1]--[@pone.0091895-Yang1]. Still, mood phases may have an impact on the results of these self-rating questionnaires [@pone.0091895-Wu1], [@pone.0091895-Yang2]. Patients with BD in the depressive phase have difficulty recalling past manic/hypomanic symptoms [@pone.0091895-Akiskal1]. In addition, a depressive episode is usually the first mood syndrome at the onset of BD, and depressive episodes are more frequent than manic/hypomanic episodes [@pone.0091895-Solomon1], often leading to the misdiagnosis of BD as major depressive disorder (MDD), also called unipolar depression (UD). Therefore, it was necessary to study the response of the patients with mood disorders to the MDQ during their depressive phase.

We conducted this study to determine (1) which parts of the Chinese version of the MDQ should be used to screen for BD in the clinical setting; (2) compare the use of the MDQ for patients during the depressive phase with a previous study in which the MDQ was administered during any phase (mania, depression) and (3) determine if the results of our previous study of the MDQ in two psychiatric hospitals could be replicated in other centres which included psychiatric clinics and general hospitals across China.

Methods {#s2}
=======

Study participants and settings {#s2a}
-------------------------------

The Diagnostic Assessment Service for People with Bipolar Disorders in China (DASP) is an ongoing national study initiated by the Chinese Society of Psychiatry (CSP) with the aim of developing and testing the usefulness of screening tools for BD in patients treated for MDD. The first survey of the DASP project was carried out in 13 major psychiatric hospitals and units of general hospitals between September 1, 2010 and February 28, 2011. These settings were evenly distributed in China and served both catchment area patients and patients from neighboring areas. Both in- and outpatients experiencing a major depressive episode were enrolled if they were between 16 and 65 years of age, had a DSM-IV or ICD-10 diagnosis of MDD based on a review of their medical records, understood the aims of the study and provided informed consent. Exclusion criteria included a past diagnosis of BD, ongoing significant medical or neurological condition(s), depressive disorders secondary to a general medical or neurological condition, or having received electroconvulsive therapy (ECT) in the past month. The study protocol was approved by the Clinical Research Ethics Committees of the respective study centers. All patients who participated in this study completed written consent forms.

Instrument and assessment procedure {#s2b}
-----------------------------------

In- or outpatients in a depressive state with a diagnosis of MDD who were receiving treatment in the participating hospitals/units were referred by their treating psychiatrists to the member of the research team based at their particular site and screened for eligibility. All members of the research team were qualified psychiatrists. Patients fulfilling the study criteria were invited to participate in the study.

The patients\' basic socio-demographic data were collected with a questionnaire designed for the study in a clinical interview, supplemented by a review of their medical records ([Table 1](#pone-0091895-t001){ref-type="table"}). The diagnostic assessment of BD was conducted with the validated Chinese version of the Mini International Neuropsychiatric Interview (MINI) (Version 5.0) to establish DSM-IV BD-I/BD-II diagnoses [@pone.0091895-Sheehan1], [@pone.0091895-Si1].
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###### Description of samples.

![](pone.0091895.t001){#pone-0091895-t001-1}

                                BD-I                BD-II    UD      *P*   
  ---------------- ------------------------------- ------- ------- ------- ---------
  Number                                             118     191    1178   
  Age                                               35.43   35.46   40.54   \<0.01
  Sex                           Male                 51      97      385    \<0.01
  Marriage state               Married               76      116     824     = 0.01
                              Unmarried              37      68      288   
                              Divorced                5       7      47    
                                Loss                  0       0      19    
  Job                         Employed               68      110     617    \>0.05
                               Retired                8      26      195   
                             Unemployed              42      55      366   
  Education         Lower than senior high school    31      52      356     = 0.48
                    Senior high school Equal to a    32      44      312   
                         Bachelor\'s degree          47      85      465   
                            Postgraduate              8      10      45    

The MINI is a short, structured diagnostic interview that was developed jointly by psychiatrists and clinicians for DSM-IV psychiatric disorders. It was designed to meet the need for a short (approximately 15 minutes) but accurate structured psychiatric interview for multicenter clinical trials [@pone.0091895-Sheehan1]. The Chinese version of the MINI showed strong reliability and validity in eliciting symptom criteria used to make DSM diagnoses [@pone.0091895-Si1]. The Chinese version of the MDQ (C-MDQ) has been validated in China [@pone.0091895-Yang1]. The internal consistency (Cronbach\'s alpha) of the C-MDQ was 0.79. Sensitivity was 0.64, specificity was 0.80 and the area under curve was 0.75 at the optimal screening cutoff between BD and UD [@pone.0091895-Yang1].

All twelve raters in this study were trained in diagnosing BD using the MINI in 20 MDD patients prior to the study. In the reliability exercise, raters\' judgments of BD were compared with the best estimate clinical diagnoses [@pone.0091895-Leckman1]; the kappa values were above 0.85 for each rater. Patients younger than 18 years were included as long as they verbally agreed to participate and written consent was obtained from patients or guardians. After giving consent, patients were invited to complete the C-MDQ. Patients then underwent a DSM-IV diagnostic interview using the MINI by a rater who was blind to the C-MDQ results.

Statistical analysis {#s2c}
--------------------

Data were analyzed using the SPSS package, Version 17.0. One-way analysis of variance (ANOVA) and t-tests were used to compare the MDQ scores among the mood disorder patients. The receiver operating characteristic (ROC) curve was used to determine whether the patients with different mood disorders (BD, BD-I, BD-II, MDD) could be differentiated and to ascertain the sensitivity (SEN) and specificity (SPE) at various cutoffs. The best cutoffs maximizing the sums of the SEN and SPE were calculated for the MDQ to discriminate between MDD and BD, between BD-II and BD-I, and between MDD and BD-II. The criterion validity of the MDQ was estimated using the SEN, SPE, positive predictive value (PPV), negative predictive value (NPV) and the area under the curve (AUC).

Results {#s3}
=======

1. Description of samples {#s3a}
-------------------------

Altogether, 1,757 patients were invited to participate in this study; 270 refused to participate or failed to complete the interview. There were no significant differences between the enrolled patients and patients who did not participate in terms of age and sex. Ultimately, 1,487 patients were included in the analysis. Of the 1,487 patients, 309 (20.8%) satisfied the DSM-IV criteria for BD: 118 (7.9%) for BD-I and 191 (12.8%) for BD-II. [Table 1](#pone-0091895-t001){ref-type="table"} displays the socio-demographic characteristics of the whole sample and separately for patients by diagnosis.

2. MDQ scores {#s3b}
-------------

The mean MDQ score was 7.29 (SD 3.23) for BD, 8.01 (SD 3.44) for BD-I, 6.85 (SD 3.02) for BD-II and 2.91 (SD 2.75) for UD. There was a significant difference among the scores of depressive patients with BD-I, BD-II or UD based on one-way analysis of variance (*P*\<0.01, ANOVA). The mean MDQ score for BD patients was significantly higher than that of UD; BD-I was higher than BD-II, and BD-II was higher than UD (t-test, *P*\<0.01).

3. Only part one of MDQ used {#s3c}
----------------------------

### 3.1. ROC curve analysis between BD and UD {#s3c1}

The MDQ could differentiate BD patients from UD patients when only part one was used in the ROC curve analysis (*P*\<0.05, [Figure 1](#pone-0091895-g001){ref-type="fig"}). The AUC was 0.84. The best screening cutoff between BD and UD was 7 (SEN 0.66, SPE 0.88, PPV 0.59, NPV 0.91).

![ROC curve analysis between BD and BD with only part one of the MDQ scored.](pone.0091895.g001){#pone-0091895-g001}

### 3.2. ROC curve analysis between BD-I I and UD {#s3c2}

The MDQ could differentiate BD-II patients from UD patients when only part one was used in the ROC curve analysis (*P*\<0.05, AUC 0.83, [Figure 2](#pone-0091895-g002){ref-type="fig"}). The best screening cutoff between BD-II and UD was 6 (SEN 0.71, SPE 0.80, PPV 0.37, NPV 0.94).

![ROC curve analysis between BD-II and UD with only part one of the MDQ scored.](pone.0091895.g002){#pone-0091895-g002}

Because the mean MDQ score of the patients with BD-I was highest and that of UD was lowest, and MDQ could screen BD-II patients from UD patients by ROC analysis, we did not compare BD-I and UD in the ROC analysis.

### 3.3. ROC curve analysis between BD-I and BD-II {#s3c3}

The MDQ could differentiate BD-I patients from BD-II when only part one was used in the ROC curve analysis (*P*\<0.05, AUC 0.60, [Figure 3](#pone-0091895-g003){ref-type="fig"}) and the best screening cutoff between BD-I and BD-II was 10 (SEN 0.37, SPE 0.83, PPV 0.58, NPV 0.59).

![ROC curve analysis between BD-I and BD-II with only part one of the MDQ scored.](pone.0091895.g003){#pone-0091895-g003}

Compared to the higher AUC between BD and UD (0.84), between BD-II and UD (0.83), the AUC between BD-I and BD-II is low (0.60) and might limit its usefulness.

4. All three parts of MDQ used {#s3d}
------------------------------

### 4.1. If the cutoff was 7 between BD and UD {#s3d1}

The MDQ could not differentiate BD patients from UD patients at the cutoff of 7 when all three parts of the MDQ were used in the ROC curve analysis (*P*\>0.05, AUC 0.59, SEN 0.22, SPE 0.97, PPV 0.65, NPV 0.83, [Figure 4](#pone-0091895-g004){ref-type="fig"}).

![ROC curve analysis between BD and UD at the cutoff of 7 with three parts of the MDQ scored.](pone.0091895.g004){#pone-0091895-g004}

### 4.2. If the cutoff was 6 between BD and UD {#s3d2}

If the best cutoff of 6 between BD-II and UD was used as the optimal screening cutoff between BD and UD, the MDQ could not differentiate BD patients from UD when all three parts of the MDQ were used in the ROC curve analysis (*P*\>0.05, AUC 0.60, SEN 0.24, SPE 0.96, PPV 0.58, NPV 0.83, [Figure 5](#pone-0091895-g005){ref-type="fig"}).

![ROC curve analysis between BD and UD at the cutoff of 6 with three parts of the MDQ scored.](pone.0091895.g005){#pone-0091895-g005}

Discussion {#s4}
==========

In this study, we found that if only part one of MDQ was used, MDQ could differentiate between BD and UD, between BD-II and UD, and between BD-I and BD-II. Because the treatments of different types of mood disorders and subtypes of bipolar disorders are different, MDQ which help clinicians in differentiating mood disorders is useful in practice.

The MDQ scores of depressive patients with BD-I were higher than those with BD-II, which were higher than for those with UD. The MDQ scores of depressive patients with mood disorders were lowest in patients with UD, followed by BD-II and BD-I. The change of MDQ score in patients with mood disorders was similar to that of the earlier Chinese study, which did not limit patients to the depressive phase [@pone.0091895-Yang1].

When only part one of the MDQ was used, the best screening cutoff between depressed patients with BD and depressed patients with UD was 7 in this study. The cutoff was identical in most of the MDQ studies conducted worldwide, including the earlier study in China in which patients could be in any mood phase [@pone.0091895-Hirschfeld2], [@pone.0091895-Kim1], [@pone.0091895-Konuk1]--[@pone.0091895-Isometsa1]. The feature of relatively low sensitivity (0.66) and higher specificity (0.88) in this study was similar to that of other studies as well [@pone.0091895-Hirschfeld2], [@pone.0091895-Kim1], [@pone.0091895-Yang1]--[@pone.0091895-Isometsa1]. The stable cutoff between BD and UD suggested that the impact of the type of mood episode for the patients with mood disorders on the MDQ score was minimal and could be ignored.

Again, when only part one of the MDQ was used, the best screening cutoff between BD-I and BD-II was 10, a different finding from the cutoff of 8 in the earlier study from China. The best screening cutoff between BD-II and UD was 6, while the cutoff was 5 in an earlier study [@pone.0091895-Yang1]. Although the definite cutoffs were different, this study demonstrated again that the MDQ could screen patients with BD-I from patients with BD-II, and patients with BD-II from UD [@pone.0091895-Yang1]. The low AUC (0.60) between BD-I and BD-II might limit its usefulness compared to the higher AUC (0.83) between BD-II and UD.

When all three parts were used, the MDQ could not be used as a screening tool in clinical settings. Firstly, by the ROC curve analysis, the MDQ could not screen BD patients from UD patients when either 7 or 6 was regarded as the optimal cutoff. We suggest that the best screening cutoff between BD-II and UD could also be used as the optimal cutoff between BD and UD to improve screening for BD-II [@pone.0091895-Yang1]. Secondly, the sensitivities 0.22 (or 0.24) were too low to screen at cutoffs 7 (or 6) for a screening tool. Our results were similar to the results from a study in Korea. Kim et al (2008) found that a modified scoring of the MDQ (ignoring questions on the co-occurrence of symptoms and functional impairment) yielded an SEN of 0.68 and an SPE of 0.63 for BD, whereas the values were 0.29 and 0.77, respectively, using the standard MDQ scoring [@pone.0091895-Kim1]. The results of the Korean study were similar to ours. Therefore, we suggested that only part one of the MDQ (13 items of manic/hypomanic symptoms) should be scored if the MDQ is to be used as a screening tool for the patients with mood disorders in clinical settings.

There were two limitations in the study. Firstly, we could not compare the severity of depression between patients because no standardized instrument was used to measure the severity of depressive symptoms. Secondly, depressed patients who had a previous diagnosis of BD were excluded from the study. The subjects with BD in this study may not be representative of all BD patients.

Conclusions {#s4a}
-----------

Firstly, the C-MDQ, using only part one, is suitable to screen for BD in clinical settings. Secondly, the MDQ results for mood disorder patients in the depressive phase were similar to those of mood disorder patients in any mood phase. Thirdly, the results of this multicenter study were similar to those of the earlier study that was limited to two psychiatric hospitals in China.
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